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considered last author.IntroductionToscana virus (TOSV; Bunyaviridae, Phlebovirus) is an enveloped
virus, with three segments of single-stranded, negative-sense
RNA which is transmitted by phlebotomine sandﬂies. It was
ﬁrst isolated from Phlebotomus perniciosus in central Italy in 1971
[1]. The ﬁrst evidence that TOSV can cause disease in humansMicrobiol Infect 2015; 21: 1040.e1–1040.e9
nical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infect
p://dx.doi.org/10.1016/j.cmi.2015.07.012was reported 12 years later when the virus was detected in the
cerebrospinal ﬂuid of two patients with meningitis after they
vacationed in Portugal and Italy [2,3]. Subsequent studies
showed that TOSV was the main cause of meningitis in Central
Italy during summertime, before enteroviruses, mumps and
herpesviruses [4–7]. TOSV was also identiﬁed as among the
three main causes of meningitis during summertime in Spain and
France [8], along with enteroviruses and herpesviruses. After-
wards, TOSV human cases were also diagnosed by direct
methods (such as virus isolation and/or molecular detection) in
Greece, Turkey and Croatia [9–11]. Recently, direct and in-
direct evidence have indicated that TOSV is present in Malta,
Cyprus, Bosnia-Herzegovina, Kosovo, Tunisia and Morocco
[12–16].
At the outset of this study, there were no data from Algeria
except for seroprevalence studies and Phlebovirus sequence
detection (distinct from TOSV) [17–19]. Using an approachious Diseases. Published by Elsevier Ltd. All rights reserved
CMI Alkan et al. Toscana virus in Algeria 1040.e2combining (a) an entomologic campaign for the capture of
sandﬂies, (b) the direct detection of viruses relying on molec-
ular techniques and cell culture and (c) a seroprevalence study
in local human populations using neutralization assay, we
investigated the current situation in Algeria. Similar research
programs were previously implemented in other regions and
provided invaluable data [12,20,21]. We present here the re-
sults obtained in northern Algeria in the region of Kabylia, a
well-known area for the circulation of sandﬂies and endemic for
leishmaniasis [17].Materials and methodsStudy site, sandﬂy trapping and identiﬁcation
Sandﬂy trapping campaigns were conducted during 17–23
August 2013 in Draa El Mizan (36° 320 1460’N, 3° 500 85000 E) in
the Kabylia region of Algeria at an average altitude of 380 m
using CDC Miniature Light Traps as previously reported [17].
The collection sites were chosen on the basis of the epidemi-
ologic data provided by the health services (358 recorded cases
of conﬁrmed cutaneous leishmaniasis since 1990) and the
presence of domestic animals [22]. Draa El Mizan is situated at
the west side of the Djurdjura Mountains, is surrounded by hills
and experiences a Mediterranean climate with plenty of wa-
terways and dams. The population was 38 844 according to the
2008 General Population and Housing Census. Vegetation
consists of oak, olive trees and ﬁg trees. Domestic animals (cats,
dogs, goats, sheep, rabbits and chickens) are frequently shel-
tered in basements or near human housings. In addition, there
are many government-subsidized beef cattle livestock lots, the
surroundings of which are the most productive for the captures
of sandﬂies. A total of 22 998 sandﬂies were trapped. Species
identiﬁcation was only performed for a random subset of 1500
captured sandﬂies using morphologic keys [23,24] because it is
a time-consuming process (>1 minute per sandﬂy) which de-
creases the chances of virus detection and isolation. The
remaining 21 498 sandﬂies were pooled and stored at −80°C
for virus detection and isolation.
Virus detection
Pools of sandﬂies were homogenized in 600 μL of Eagle
minimal essential medium (EMEM) as previously reported
[20,21]. A 200 μL volume of the homogenized pool was used
for viral nucleic acid extraction with the BioRobot EZ1-XL
Advanced (Qiagen) using the Virus Extraction Mini Kit (Qia-
gen); 5 μL of nucleic acid were used for RT-PCR and nested
PCR assays with primers targeting the polymerase gene and
the nucleoprotein gene using protocols previously described
[25,26]. PCR products of the expected size were columnClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infepuriﬁed (Amicon Ultra Centrifugal ﬁlters, Millipore) and
directly sequenced.
Virus isolation
A 50 μL volume of homogenized sandﬂy pools was inoculated
onto a 12.5 cm2 ﬂask of Vero cells as previously reported [20].
The ﬂasks were incubated at 37°C in a 5% CO2 atmosphere
and examined daily for cytopathic effects.
Complete genome sequencing
TOSV passage 0 was used for complete genome characteriza-
tion through next-generation sequencing (NGS), as previously
described [20]. Virus sequences were reconstructed from the
NGS reads based on the best BLAST (Basic Local Alignment
Search Tool) similarity against reference databases. NGS reads,
of minimum length 30 nucleotides, were trimmed using CLC
Genomic Workbench 6.5, with a minimum of 99% quality per
base and mapped to reference sequences (TOSV, Tunisian
strain, GenBank accession nos. JX867534, JX867535 and
JX867536 for the L, M and S segments, respectively). Parame-
ters were set such that each accepted read had to map to the
reference sequence for at least 50% of its length, with a mini-
mum of 80% identity to the reference. Gaps in the genome
were sequenced from overlapping PCR products ampliﬁed by
sequence-based designed primers, using either Sanger direct
sequencing or NGS. The 50 and 30 extremities of each segment
were sequenced using a primer including the 8 nt conserved
sequence common to sandﬂy-borne phleboviruses as previ-
ously described [27]. Ultimate veriﬁcation of the sequence was
done by Sanger sequencing of overlapping PCR products
covering the entire genome.
Genetic distances and phylogenetic analysis
The complete amino acid sequences of S (N and Ns genes), M
(Gn and Gc genes) and L (polymerase) segments of the TOSV
strain isolated in this study were aligned together with ho-
mologous sequences of other strains of TOSV retrieved from
the GenBank database (until April 2015). Nucleotide and amino
acid sequences were aligned using the CLUSTAL algorithm of
MEGA 5 software [28]. Neighbor-joining analysis (Kimura 2-
parameter and p-distance models) was performed by MEGA
5, with 1000 bootstrap pseudoreplications.
Microneutralization-based (MN) seroprevalence study
Human sera were collected in Draa El Mizan and were used in
agreement with the Algerian regulations for such studies. The
MN assay was adapted from a previously described protocol
[20]. Brieﬂy, twofold serial dilutions from 1:10 to 1:160 were
prepared for each serum, and a volume of 50 μL of each
dilution was transferred into 96-well plates. A volume of 5 0μLctious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 1040.e1–1040.e9
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infect 50% if cell monolayers are challenged with deﬁned
inoculum (TCID50) or 100 TCID50 (two independent assays) of
TOSV (strain MRS2010-4319501) was added to each well
except for the controls, which contained PBS. The plates were
incubated at 37°C for 1 hour. Then a 100 μL suspension of
Vero cells containing approximately 2 × 105 cells/mL of EMEM
medium enriched with 5% fetal bovine serum, 1% penicillin-
streptomycin, 1% L-glutamine 200 mM, 1% kanamycin and 3%
Fungizone was added to each well and incubated at 37°C in the
presence of 5% CO2. The ﬁrst row of each plate contained
control sera diluted 1:10 and Vero cells without virus. After 5
days, the microplates were read under an inverted microscope,
and the presence (neutralization titre at 10, 20, 40, 80 and 160)
or absence (no neutralization) of cytopathic effect was noted.
Cutoff values to consider a serum as positive were set as
dilution 1:20 for the 100 TCID50 and dilution 1:10 for the 1000
TCID50.The geometric mean of the titres for TOSV MN ac-
cording to age groups was calculated. To attempt to determine
which criteria were best, we calculated the Pearson correlation
between results observed using 100 and 1000 TCID50 viral
inoculums using IBM SPSS Statistics 21.0 software. The variation
of seroprevalence rates among age groups was also calculated
by the chi-square test.ResultsSandﬂy trapping and virus detection
A total of 22 998 sandﬂies were collected during 17–23 August
2013 from Draa El Mizan. A total of 1500 ﬂies were identiﬁed
morphologically. Five species were identiﬁed, as follows:
P. perﬁliewi (n = 772, 51.4%), P. perniciosus (n = 550, 36.7%),
P. longiscupis (n = 40, 2.6%), P. papatasi (n = 97, 6.5%) and
S. minuta (n = 35, 2.3%). All the remaining 21,498 sandﬂies were
organised into 247 pools. Pool 189 was positive with primers
SFN-1S and SFN-1R [25]. The corresponding 443 nt sequence
in the N gene was most closely related with the homologous
region of the TOSV Tunisian strain T152 (GenBank accession
no. JX867536) sequence (96% identity at the nt level).
Virus isolation
Vero cells that were inoculated with pool 189 showed a clear
cytopathic effect at day 4 of passage 0. This strain was named
TOSV–Algeria 189. A supernatant of passage 3 was used for
full-length genome sequencing and freeze-drying for long-
term conservation; vials have been included in the collec-
tion of the European Virus Archive (http://www.european-
virus-archive.com/), where they are publicly available underClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectthe reference “Toscana virus Algeria strain 189” for academic
research.
Complete genome sequencing
The complete genome of TOSV–Algeria 189 consists of 6404,
4215 and 1869 nt for the L, M and S segments, respectively
(GenBank accession nos. KP694240, KP694241 and
KP694242). The polymerase gene encodes a 6285 nt long open
reading frame (ORF) (2095 aa), whereas the glycoprotein gene
encodes a 4017 nt long ORF (1339 aa). The small segment
encodes a 759 and 948 nt long ORF, which are translated to a
nucleocapsid protein (253 aa) and a nonstructural protein (316
aa), respectively. Sequences obtained using NGS were
conﬁrmed by direct sequencing performed on overlapping PCR
products using Sanger sequencing.
Phylogenetic analysis
TOSV–Algeria 189 was grouped together with other TOSV
sequences regardless the gene used for analysis. Among other
TOSV strains, Algeria 189 was most closely related, with strains
originating from Tunisia, Italy, Spain, France and Portugal, thus
showing that this strain belongs to lineage A (Fig. 1). The
discrimination between lineages A and B was unambiguous
except for analysis done with the amino acid sequence of the N
gene.
MN-based seroprevalence study
A total of 370 human sera (from 248 female and 122 male
subjects) was collected from blood donors in Draa El Mizan.
Detailed results and the characteristics of the population sera
obtained are presented in Tables 1 and 2. Using a virus dose at
1000 TCID50, 171 sera (46.2%) contained neutralizing anti-
bodies against TOSV considering 10 as the cutoff titre. Using a
virus dose at 100 TCID50, 170 sera (45.95%) contained
neutralizing antibodies against TOSV considering 20 as the
cutoff titre. The correlation between results observed using
100 and 1000 TCID50 viral inoculums was signiﬁcant (Pearson
correlation (2-tailed) coefﬁcient: 0.427 was signiﬁcant at the
0.01 level, p  0.05). The geometric mean of the titres for
TOSV MN according to age group is shown in Fig. 2. The
variation of seroprevalence rates among age groups was
calculated and found to be statistically signiﬁcant by the chi-
square test (two tailed) at the 0.001 level (p  0.05).DiscussionRecent studies have demonstrated that TOSV is not only
conﬁned to Southern Europe and the Middle East but is also
present in Northern African countries such as Tunisia andious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 1040.e1–1040.e9
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FIG. 1. Phylogenetic analysis of selected
strains of Sandﬂy fever Naples virus using
complete amino acid sequences. (a) L pro-
tein, (b) Gn protein, (c) Gc protein, (d)
Nucleocapsid protein, (e) Non-structural
protein.
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available for Algeria. In the founding study on the worldwide
distribution of neutralizing antibodies (NT Ab) in human pop-
ulations against several phleboviruses, NT Ab were not found
against either Sicilian or Naples viruses; the presence of NT AbClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectagainst TOSV had not been tested in this study [19]. Two
recent serologic studies reported the presence of IgG-speciﬁc
viruses belonging to the sandﬂy fever Naples and sandﬂy fe-
ver Sicilian serocomplexes using enzyme-linked immunosor-
bent assay and immunoﬂuorescence assay tests, which areious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 1040.e1–1040.e9
TABLE 2. Distribution of Toscana virus neutralizing antibodies according to sex and age for 100 TCID50
Age group (years) No of sera
Sex Neutralizing titre
Total, n (%)F M Ratio (M/F) Negative ‡ 10 ‡ 20 ‡ 40 ‡ 80
0–20 24 13 11 0.85 21 2 0 1 0 1 (4.17%)
21–40 155 115 40 0.35 80 13 20 25 17 62 (40.0%)
41–60 97 69 28 0.41 39 8 13 26 11 50 (51.55%)
>60 94 51 43 0.84 25 12 18 16 23 57 (60.64%)
Total 370 248 122 0.49 165 35 51 68 51 170 (45.95%)
TCID50, tissue culture infectious dose that will infect 50% if cell monolayers are challenged with deﬁned inoculum.
TABLE 1. Distribution of Toscana virus neutralizing antibodies according to sex and age for 1000 TCID50
Age group (years) No. of sera
Sex Neutralizing titre
Total, n (%)F M Ratio (M/F) Negative ‡10 ‡20 ‡40 ‡80 ‡160
0–20 24 13 11 0.85 22 2 0 0 0 0 2 (8.3%)
21–40 155 115 40 0.35 90 59 5 0 0 1 65 (41.9%)
41–60 97 69 28 0.41 50 37 9 0 1 0 47 (48.5%)
>60 94 51 43 0.84 37 47 9 0 1 0 57 (60.6%)
Total 370 248 122 0.49 199 145 23 0 2 1 171 (46.2%)
TCID50, tissue culture infectious dose that will infect 50% if cell monolayers are challenged with deﬁned inoculum.
CMI Alkan et al. Toscana virus in Algeria 1040.e6notoriously prone to cross-reactivity, thus indicating that these
viruses or antigenically related viruses had to be present in the
studied regions of northern Algeria [17,18].
In addition, Sicilian-like virus RNA was detected and partially
sequenced in P. ariasi sandﬂies trapped in the Kabylia region
(northern Algeria); the virus was not isolated because the
specimens were stored in guanidinium thiocyanate [17]. In
another study, Naples-like virus RNA was detected in
P. longicuspis, and Sicilian-like virus RNA was detected in
P. papatasi [18]; again, virus isolation was not attempted, for the
same reasons as above. However, the sequences obtained were
short, thus precluding detailed phylogenetic studies; in addition,
as a result of the cross-reactions of enzyme-linked immuno-
sorbent assays and immunoﬂuorescence assays, there was pre-
viously no deﬁnitive evidence that TOSV was present in Algeria.
Although not unexpected, the results of this study provide
undisputable evidence of the following: TOSV is present in
sandﬂies in Algeria; its complete genome sequence allowed us
to classify this strain as belonging to lineage A; and it is signiﬁ-
cantly transmitted to local human populations, as assessed by
rates of NT Ab approaching 50%.
To our knowledge, this study was the ﬁrst to isolate and
characterize the genome of a member of the Phlebovirus genus
in Algeria. This TOSV strain, isolated from a pool of sandﬂies
collected in Draa El Mizan, belongs to lineage A, as was the
strain isolated in Tunisia [12]. In contrast, the TOSV strain
isolated in Morocco belongs to lineage B [17]. Interestingly, it
appears that the delineation observed in Southern Europe in
the countries bordering the Mediterranean also exists inClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infenorthern Africa in the southern border of the Mediterranean.
Indeed, lineage B is present in Portugal, Spain, France and
Morocco, whereas lineage A is present in France (particularly
Corsica Island), Italy, Tunisia and Algeria. Interestingly, in
Turkey, both lineages were described [29], although the virus
was never isolated. In Croatia [11] and Greece [10], a third
lineage (C) was identiﬁed on the basis of partial polymerase
sequences. Whether this delineation is accurate merits future
investigation by lineage-speciﬁc molecular tests, as molecular
tests are the only tests capable of distinguishing among TOSV
lineages in sandﬂies and in human specimens.
To date, TOSV infection rates of sandﬂies in countries where
it was detected were as follows; 0.22% in Italy [30], 0.05% in
Spain [31], 0.29% in France [25] and 0.03% in Tunisia [12]. In
this study, the infection rate of sandﬂies was 0.004%, assuming
that only one sandﬂy was infected in the TOSV-positive pool. It
is unlikely that these differences are due to technical differences
of the protocols because several of the above-mentioned
studies were done by the same group with identical tech-
niques [12,25]. These discrepant results can be explained by
highly changing environmental conditions that depend on the
period during which the ﬁeldwork was performed. Repetitive
trapping campaigns during successive years are necessary to
better understand the dynamics of infection rates.
A total of 22 species of sandﬂies, including 12 Phlebotomus and
10 Sergentomyia species, were identiﬁed in Algeria [32]. Among
sandﬂy fever vectors, P. perﬁliewi, P. perniciosus and P. papatasi
have been reported to be present in this country [33–35]. In the
region where this study was done, >47% of the sandﬂyctious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 1040.e1–1040.e9
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FIG. 2. Geometric mean of titres for
TOSV neutralisation antibodies accord-
ing to age groups.
1040.e7 Clinical Microbiology and Infection, Volume 21 Number 11, November 2015 CMIpopulation consisted of P. perniciosus, whereas P. perﬁliewi and
P. longicuspis occupied ranks 2 and 3, respectively. In this study,
we identiﬁed 51.4% and 36.7% of the 1500 sandﬂies as
P. perﬁliewi and P. perniciosus, respectively. As a result of the
nature of this study, it was not possible to deﬁne the species of
sandﬂies in which the Algerian strain of TOSV was isolated.
However, because, according to previous studies in the same
region [17,18,34] most sandﬂies belonged to P. perniciosus, and
given the fact that TOSV is known to be transmitted by species
belonging to the Larroussius subgenus, most frequently by
P. perniciosus and P. perﬁliewi, we can speculate that the situation
in Algeria does not contradict the existing data.
Although the presence of TOSV in sandﬂies strongly sug-
gested that the virus was causing human infections, its existence
and the level of exposure of humans to the virus was addressedClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectby testing 370 human serum samples collected from the pop-
ulation living in the vicinity of the sandﬂy capture sites, and
therefore exposed to sandﬂy bites and possibly infected with
the virus. Because the local population does not frequently
travel abroad, seroprevalence rates are likely to reﬂect local
exposure to TOSV, thus providing information concerning the
local presence and circulation of TOSV. Depending on the
criteria adopted to deﬁne a positive case, the seroprevalence
varies greatly. To attempt to determine which criteria are best
suited to positive identiﬁcation, we calculated the correlation
between results observed using 100 and 1000 TCID50 virus
inoculums. Interestingly, when compared, the same results
were observed with the combination of 100 TCID50/titre 20
and 1000 TCID50/titre 10 cutoff values. In both cases, the
analysis of the geometric mean of titres according to age groupious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 1040.e1–1040.e9
CMI Alkan et al. Toscana virus in Algeria 1040.e8revealed that there is continuous exposure during a subject’s
lifetime, although it appears more clearly using the 100 TCID50
assay. As previously demonstrated [12], sandﬂy bites occur
mostly at home; the occupational risk seems to be limited [36].
When the most stringent cutoff value for positivity is
retained (1000 TCID50 at titre 20), 7% of the population had
neutralizing antibodies against TOSV, which is in agreement
with the rates observed in the most exposed regions of
southeastern France—that is, the areas with the highest cir-
culation of TOSV. However, it appears more realistic to use the
correlated combinations as described above. In this case, 46%
of the population demonstrates the presence of neutralizing
antibodies, which is also in agreement with results recently
reported in northern Tunisia [16].
Together, these results strongly suggest that TOSV is heavily
affecting sandﬂy-exposed people in northern Algeria. These
coastal regions are the most highly populated, with a total of at
least 34 million Algerian inhabitants at risk of TOSV infection.
Because TOSV causes various types of diseases, ranging from self-
resolving febrile illnesses to central and peripheral nervous sys-
tem infections, it is now necessary to implement the diagnosis of
TOSV in regions where the circulation is high during the warm
season.
The microneutralization-based serologic data conﬁrm the
circulation of TOSV in the region. However, TOSV and Naples
virus show a one-way relationship in neutralization assays:
TOSV sera neutralize at almost the same titre for both TOSV
and Naples virus, whereas the Naples virus sera do not
neutralize TOSV. Even if the Naples virus was not found in the
area, the low infectious rate of sandﬂies does not permit us to
exclude its presence, now or in the past. Finding sera capable of
neutralizing Naples virus only (not TOSV) would demonstrate
that Naples virus is still circulating in the area. In this study, we
did not perform this type of assay. However, during the last 15
years, tens of thousands of sandﬂies have been tested for
phleboviruses using RT-PCR assays capable of amplifying Naples
virus. Naples-like virus RNA was detected only once [18],
despite the fact that many other phleboviruses (including new
ones) were detected and/or isolated. In addition, the last report
of the isolation of Naples virus was in the 1990s in Cyprus and
Afghanistan [37]. It is therefore plausible that the Naples virus
may be close to extinction. This hypothesis might be conﬁrmed
in the future using human sera, which may show during which
decade the Naples virus drastically decreased.
In conclusion, our results conﬁrm that TOSV (lineage A) is
present in northern Algeria in sandﬂies which are likely to
belong to the Larroussius subgenus, and that TOSV infects
humans at rates that are comparable to those observed in
northern Tunisia [12] and that are much higher than those
described in the majority of Southern European countriesClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infe[25,29,30]. This fact should be taken into consideration to
rapidly implement the diagnosis of TOSV in the National
Reference Centre for arboviruses and in clinical microbiology
laboratories to create the capacity to detect TOSV infections in
patients with central nervous system infections and to estimate
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